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Background:  Topical  antimicrobial 
agents  have  proven  efficacy  in  preventing 
life-threatening  invasive  burn  wound  in¬ 
fection.  Under  wartime  or  mass-casualty 
conditions,  however,  there  may  be  an  in¬ 
adequate  supply  of  these  agents.  This 
study  aimed  to  identify  those  patients 
most  likely  to  benefit  therefrom. 

MOthOdS:  Logistical  regression  anal¬ 
ysis  of  data  from  the  U.S.  Army  Burn 
Center  was  performed.  Mortality  data  for 
the  period  immediately  preceding  the  in¬ 


troduction  of  topical  mafenide  acetate 
(MA)  (1950-1963)  were  compared  with 
data  for  the  subsequent  period  (1964-1968). 
During  the  second  period,  MA  was  rou¬ 
tinely  applied  but  treatment  was  otherwise 
similar.  The  mortality  decrement  attributed 
to  MA  was  determined  for  various  ages  and 
burn  sizes. 

Results:  For  patients  of  combatant  age 
(20-50  years),  MA  was  associated  with  a 
greater  than  10%  reduction  in  mortality 
for  those  with  burns  of  40-79%  of  the 


total  body  surface  area  (TBSA).  Only  a 
minimal  effect  on  mortality  was  noted 
for  those  patients  with  burns  smaller 
than  40%  or  greater  than  79%. 

Conclusions:  When  resources  are 
limited,  topical  therapy  (specifically,  MA) 
is  likely  to  confer  the  greatest  survival 
benefit  for  combatants  with  burns  of  40- 
79%  TBSA. 
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During  non-nuclear  conflict,  it  is  estimated  that  burns 
will  comprise  5-20%  of  combat  injuries,  depending  on 
the  scenario.^  Mass  burn  casualties  present  logistical 
problems  for  health  care  professionals.  During  wartime  or 
after  large-scale  civilian  disasters,  mass  casualties  with  burn 
injuries  place  considerable  strain  on  logistical  elements  of 
command  structures,  including  provision  of  medical  supplies. 
Furthermore,  given  that  the  tactical  situation  will  dictate  the 
rate  at  which  burn  casualties  are  evacuated  from  the  theater  of 
operations,  it  is  probable  that  burned  soldiers  will  take  longer 
to  arrive  at  a  burn  center  than  similarly  injured  civilians. 
Failure  to  employ  effective  topical  antimicrobial  agents  dur¬ 
ing  this  prolonged  evacuation  places  burned  soldiers  at  risk  of 
life-threatening  invasive  bum  wound  infection  (previously 
known  as  burn  wound  sepsis). 

Topical  antimicrobial  agents  are  bulky  and  heavy  to 
transport,  such  that  their  availability  in  combat  zones  may  be 
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limited,  yet  current  standard  operating  procedures  require 
application  of  topical  antimicrobial  cream  to  all  burn 
wounds.^  This  study  aimed  to  ascertain  which  burn  patients 
will  derive  most  benefit  from  application  of  topical  antimi¬ 
crobial  agents  and  to  provide  appropriate  guidance  for  triage 
officers. 

A  reduction  in  the  incidence  of  invasive  burn  wound 
infection  and  accompanying  mortality,  after  the  introduction 
of  topical  mafenide  acetate  in  1964,  previously  has  been 
reported  from  this  center.^  '*  During  the  period  1962-1963, 
there  were  290  admissions.  111  deaths,  and  65  deaths  with 
invasive  burn  wound  infection;  then  during  1964-1966,  there 
were  630  admissions,  129  deaths,  and  13  deaths  with  invasive 
burn  wound  infection.^  In  that  study,  however,  the  indepen¬ 
dent  effects  of  bum  size  and  age  on  mortality  were  not 
ascertained.  In  the  present  study,  therefore,  we  have  em¬ 
ployed  logistical  regression  analysis  to  account  for  these 
effects  across  the  continuum  of  ages  and  bum  sizes. ^ 

MATERIALS  AND  METHODS 

This  study  was  a  retrospective  analysis  of  an  existing  insti¬ 
tutional  database.  It  was  reviewed  by  the  Institutional  Review 
Board,  which  determined  that  it  was  exempt  from  approval,  in 
accordance  with  applicable  Department  of  Defense  and  NIH 
guidelines.  The  U.S.  Army  Institute  of  Surgical  Research  (the 
U.S.  Army  Bum  Center)  has  been  collecting  data  relating  to 
mortahty  of  bum  patients  since  1950.  Furthermore,  the  senior 
author  (ADM)  has  been  continuously  associated  with  the  Insti¬ 
tute  since  1954.  No  topical  antimicrobial  therapy  was  used 
during  the  period  1950-1963.  Bum  wounds  were  treated  by  the 
exposure  method,  with  daily  hydrotherapy  and  debridement  un¬ 
til  the  wounds  healed  or  were  replaced  with  a  bed  of  granulation 
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tissue  sufficient  to  accept  a  partial  thickness  skin  graft.^  With  the 
widespread  use  of  penicillin  in  the  1950s,  streptococcal  wound 
infection  came  under  control  and  was  replaced  by  invasive 
gram-negative  burn  wound  infection  as  the  leading  cause  of 
death  in  bum  patients. Mafenide  acetate,  an  effective  topical 
agent  against  gram-negative  burn  wound  infection,  was  intro¬ 
duced  in  1964  and  was  the  sole  topical  antimicrobial  agent 
employed  between  1964  and  1968.  Care  did  not  otherwise 
change  significantly  at  this  bum  center  during  the  period  1964- 
1968.  Beginning  in  1969,  exposure  therapy  gradually  gave  way 
to  early  excision  and  grafting  of  deep  bums,  a  procedure  previ¬ 
ously  limited  to  a  few  experimental  studies.  In  addition, 
some  strains  of  Providencia  developed  resistance  to  mafenide 
acetate,  which  was  associated  with  an  increase  in  invasive  bum 
wound  infection  and  in  mortahty.^  Likewise,  there  was  a  signif¬ 
icant  increase  in  sepsis  secondary  to  Pseudomonas  bacteremia 
during  1969-1973.^^  Silver  sulfadiazine  was  added  to  the  top¬ 
ical  regimen  in  1973.  Thus,  consistency  in  treatment  regimens 
permits  comparison  of  data  from  the  pre-mafenide  period 
(1950-1963)  with  data  from  the  period  during  which  mafenide 
was  routinely  employed,  but  before  the  Providencia  outbreak 
(1964-1968). 

Data  including  year  of  injury,  age,  TBSA,  and  mortality 
were  obtained  from  the  existing  database  of  the  U.S.  Army 
Burn  Center.  Patients  admitted  to  the  Center  after  the  second 
postburn  day  also  were  excluded,  as  records  relating  to  top¬ 
ical  therapy  they  may  have  received  were  unreliable.  Patients 
admitted  for  injuries  caused  by  processes  other  than  flame  or 
scald,  such  as  electric  or  chemical  injury,  also  were  excluded. 
All  other  patients  were  included,  regardless  of  burn  size  or 
age.  Multiple  logistic  regression  analysis  (SPSS,  version 
10.1,  Chicago,  IL)  was  undertaken,  entering  each  patient  as 
an  individual  data  point. 

RESULTS 

During  1950-1963  there  were  1515  admissions  to  the 
burn  center,  of  whom  842  met  the  inclusion  criteria;  599 
(71%)  of  these  lived.  During  1964-1968  there  were  1430 
admissions,  of  whom  488  met  the  inclusion  criteria;  353 
(72%)  of  these  lived.  Data  analysis  is  based  on  the  842  cases 
for  1950-1963  and  the  488  cases  for  1964-1968.  Logistic 
regression  of  the  data  for  both  time  periods  with  respect  to 
burn  size  and  patient  age  is  described  by  the  equation; 

L  =  aj  -f  a2(TBSA)  —  a3(age)  +  a4(age^/100)  — 
a5(age^/10000) 
p  =  eVl+e^ 

L  =  logistic  of  %  mortality 
p  =  expected  fractional  mortality 
The  values  for  the  variables  during  both  time  periods  are 
given  in  Table  1. 

A  three  dimensional  “plane”  describing  the  probability 
of  mortality  and  its  relationship  to  age  and  burn  size  was 
generated  for  both  time  periods  (Figs.  1  and  2).  As  little  else 
had  changed  in  the  therapeutic  management  of  patients  dur¬ 
ing  the  two  time  periods,  subtraction  of  one  plane  from  the 
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T3bl6  1  Variables  Resulting  From  Logistic  Regression 
of  Mortality  Data 

Variable 

1950-1963 

1964-1968 

ai 

-3.8241 

-4.9886 

32 

0.1133 

0.1003 

33 

0.2324 

0.1292 

34 

0.7323 

0.4312 

35 

0.5388 

0.2387 

These  variables  were  derived  from  logistic  regression  analysis  of 
actual  patient  data  for  the  periods  shown.  In  conjunction  with  the 
equation  (see  text),  the  predicted  mortality  for  a  patient  with  a  given 
age  and  burn  size  can  be  estimated. 

other  produces  a  third  plane  that  can  be  considered  to  repre¬ 
sent  the  percentage  difference  in  mortality  resulting  from 
adoption  of  topical  mafenide  acetate  (Fig.  3).  The  decrease  in 
mortality  of  patients  for  selected  burn  sizes  in  the  combatant 
age  range  (20-50  years)  is  shown  in  Table  2. 

DISCUSSION 

Under  ideal  circumstances,  combatants  would  receive 
treatment  equivalent  in  quality  to  the  care  they  would  receive 
in  a  civilian  environment.  However,  tactical  and  logistical 
constraints  in  the  theater  of  operations  may  make  this  impos¬ 
sible,  producing  a  higher  mortality  rate  in  war.’^  In  view  of 
this,  the  1979  NATO  Defense  Research  Group  concluded  that 
burns  over  40%  TBSA  are  “beyond  the  scope  of  therapeutic 
capabilities  in  times  of  crisis,”  and  therefore  are  triaged  as 
“expectant.”^'’  This  conclusion,  by  current  standards,  requires 
revision;  the  lethal-area  50%  (LAgg)  for  21 -year-old  patients 

BURN  MORTALITY,  1950-1963 


Fig.1.  Three-dimensional  plane  depicting  the  relationship  of  TBSA, 
age,  and  mortality  for  study  patients,  1950-1963. 
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Topical  Antimicrobials  in  Bum  Patients 


BURN  MORTALITY,  1964-1968 


Fig.  2.  Three-dimensional  plane  depicting  the  relationship  ofTBSA, 
age,  and  mortality  for  study  patients,  1964-1968. 


with  burns  treated  at  the  U.S.  Army  Bum  Center  is  now 
82%.'^  The  majority  of  combatants  therefore  fall  into  a  group 
with  a  50%  chance  of  survival  after  a  burn  of  approximately 

DIFFERENCE  IN  MORTALITY 


Fig.  3.  Three-dimensional  plane,  obtained  by  subtracting  the  plane  in 
Figure  2  from  the  plane  in  Figure  1,  depicting  the  observed  improve¬ 
ment  in  mortality  between  the  two  periods.  For  clarity,  the  graph  is 
limited  to  the  20-  to  50-year-old  age  range.  Note  the  greatest  improve¬ 
ment  is  noted  for  patients  20  years  of  age  with  bums  mid-range  in  size. 


Table  2  Relative  Percentage  Decrease  in  Mortality  for 
Burn  Patients  of  Combatant  Age  Treated  with  Topical 
Mafenide  Acetate 


Age,  years 


TBSA,  % 


10 

0 

0 

0 

0 

20 

1 

1 

1 

1 

30 

2 

3 

4 

4 

40 

7 

8 

10 

7 

50 

16 

15 

14 

6 

60 

20 

16 

10 

3 

70 

15 

11 

5 

2 

80 

8 

5 

2 

1 

20 

30 

40 

50 

This  table  gives  the  difference  in  predicted  mortality,  obtained  using 
the  logistic  regression  equation  (see  text),  for  patients  with  the  ages  and 
burn  sizes  shown.  Note  that  the  greatest  survival  benefit  occurred  for 
20-year-old  patients  at  the  midrange  of  burn  size.  These  results  are 
based  on  discrete  ages  and  burn  sizes,  not  ranges.  The  exact  mortality 
difference  for  a  given  age  and  burn  size  should  not  be  extrapolated  from 
this  table,  but  should  be  predicted  by  applying  the  logistic  equation. 


82%  TBSA  under  peacetime  conditions.  Thus,  it  would  be 
entirely  appropriate  to  resuscitate  combat  casualties  with 
burns  corresponding  to  this  LAjq — except  in  mass  casualty 
situations  in  which  limited  resources  are  overwhelmed  by  the 
number  of  patients.  In  such  situations,  the  upper  triage  limit 
should  be  lowered  in  10%  increments  until  the  available 
supplies  match  patient  needs. ^ 

Resuscitation  of  patients  with  large  bums  places  con¬ 
straints  on  medical  supplies,  and  the  use  of  topical  antimi¬ 
crobials  is  known  to  confer  significant  survival  benefit  in  a 
proportion  of  patients.^  In  the  present  study,  the  incremental 
beneficial  effect  of  mafenide  acetate  on  mortality  decreased 
below  10%  in  patients  with  burns  of  less  than  40%  or  greater 
than  79%  TBSA  and  was  maximal  for  young  patients  with 
burns  of  60%.  These  data  reinforce  two  concepts:  that  pa¬ 
tients  with  small  burns  usually  survive  and  that  patients  with 
the  largest  burns  usually  die,  regardless  of  interventions  such 
as  the  topical  application  of  antimicrobials.  Invasive  gram¬ 
negative  infection  of  very  small  or  of  very  large  burns  does 
not  appear  to  contribute  significantly  to  mortality. 

In  the  United  States  and  the  United  Kingdom,  silver  sulfa¬ 
diazine  cream  is  the  most  commonly  used  topical  preparation. 
There  is  a  documented  spectmm  of  resistance,*"*  which  includes 
nearly  all  Enterobacter  cloacae  and  certain  Pseudomonas 
strains.**  Moreover,  it  is  effective  only  when  applied  soon  after 
an  injury,  having  no  effect  on  established  infection.  Although 
effective  against  Candida  sp.,  silver  sulfadiazine  has  no  efficacy 
against  the  trae  fungi,  which  continue  to  cause  invasive  infection 
in  a  small  percentage  of  bum  patients. 

Mafenide  acetate,  most  commonly  applied  as  an  11.1% 
cream  (Sulfamylon®,  Bertek  Pharmaceuticals  Inc.,  Sugar 
Land,  TX),  has  a  proven  track  record  in  wartime  burn 
management.^  It  has  the  advantages  of  limited  antimicrobial 
resistance  and  an  ability  to  penetrate  burn  eschar,  making  it 
effective  against  established  invasive  burn  wound  infection. 
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There  is  up  to  a  7%  incidence  of  hypersensitivity,  most 
commonly  manifested  by  a  rash,^  and  it  causes  discomfort  on 
application  to  partial  thickness  injuries.  When  used  twice 
daily  as  the  only  topical  antimicrobial  in  patients  with  large 
burns,  mafenide  acetate  may  cause  metabolic  acidosis  sec¬ 
ondary  to  carbonic  anhydrase  inhibition,  which  can  present 
problems  in  patients  with  respiratory  failure.'®  Like  silver 
sulfadiazine,  it  has  no  antifungal  activity.  When  used  as  an 
11.1%  cream  in  a  water-miscible  base,  it  acts  as  a  constant- 
release  preparation,  which  must  be  replaced  every  12  hours 
(and  more  often  as  needed). We  estimate  that  approxi¬ 
mately  20  g  of  mafenide  acetate  cream  is  required  per  percent 
burn  per  24  hours.  At  the  U.S.  Army  Burn  Center,  mafenide 
acetate  and  silver  sulfadiazine  creams  currently  are  alternated 
twice  daily  to  minimize  the  side  effects  while  realizing  the 
benefits  of  these  two  agents. 

There  are  hmitations  to  the  present  study.  Although  no 
significant  change  in  therapy  is  thought  to  have  occurred  in  1964 
other  than  the  introduction  of  topical  chemotherapy,  it  is  possible 
that  other  unrecognized  factors  may  have  contributed  to  the 
reduction  in  mortality.  Even  so,  this  reduction  was  so  remark¬ 
able  to  providers  at  the  time  that  no  randomized,  prospective  trial 
was  deemed  to  be  ethically  or  operationally  feasible.  There  is 
indirect  evidence  that  topical  mafenide  was  responsible  for  the 
reduction  in  mortality  during  1964-1968,  in  the  bum-wound 
microbiology  of  the  following  years.  Shortly  after  1969,  a  strain 
of  Providencia  that  was  resistant  to  mafenide  became  prevalent 
in  this  bum  center,  and  mortality  increased  to  pre-1964  levels.^ 
Once  this  strain  was  eradicated,  mortality  returned  to  that  of 
1964-1968,  implying  that  topical  therapy  produced  the  most 
dominant  effect  on  mortality.  Invasive  bum  wound  infection 
was  poorly  understood  until  1964,^'’^^  such  that  its  actual  inci¬ 
dence  during  the  study  period  is  impossible  to  determine  with 
certainty.  However,  as  our  endpoint  was  death  rather  than  local 
wound  infection,  we  feel  that  this  observation  does  not  compro¬ 
mise  the  validity  of  our  conclusions. 

Caution  should  be  exercised  in  applying  the  conclusions 
of  this  historical  study  to  present-day  practice.  These  results 
do  not  define  the  relative  effect  of  topical  antimicrobials  on 
patients  in  whom  all  the  other  advances  in  modern  burn  care 
are  applied  or  their  relative  effect  in  a  combat  environment. 
We  would,  therefore,  not  recommend  that  planners  utilize 
these  data  to  limit  the  supply  of  topical  antimicrobials  in¬ 
tended  for  use  during  military  operations  or  peacetime  disas¬ 
ters.  Rather,  we  consider  that  they  are  most  applicable  to 
overwhelming  mass-casualty  events. 

CONCLUSIONS 

When  faced  with  overwhelming  numbers  of  burn  patients 
and  a  delay  in  transportation  to  a  speciahzed  bum  center,  a 
judgment  must  be  made  as  to  which  patients  will  benefit  the 
most  from  topical  antimicrobial  therapy.  Based  on  logistic  re¬ 
gression  analysis  of  data  for  1950-1968,  the  incremental  mor¬ 
tality  benefit  attributed  to  topical  antimicrobial  therapy  was 
determined.  For  patients  of  combatant  age  (20-50  years  old), 
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this  benefit  was  greatest  for  those  with  bums  of  40-79%  TBSA. 

We  hope  that  the  data  provided  by  this  study  will  be  of  assis¬ 
tance  to  those  tasked  with  making  difficult  decisions  in  the  event 

of  hmited  resources  and  mass  bum  casualties. 
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